Introduction
Recently, Al 2 O 3 as a blocking oxide of nonvolatile flash memory was investigated to improve program/erase (P/E) and retention characteristics [1] [2] [3] . For the excellent electrical performance of Al 2 O 3 blocking oxide, post deposition annealing seems to be inevitable [4] . It was reported that post deposition annealing (PDA) at high temperature (T>800 o C) can change the stoichiometry and the structure of films [5] [6] [7] . However, the effect of the high temperature PDA on the electrical performance of Al 2 O 3 as a blocking oxide in nitride-based flash memory devices has not yet been reported.
In this study, the effects of additional high-pressure oxygen annealing (HPOA) as well as N 2 PDA on the blocking efficiency of MANOS-type flash memory were investigated.
Experimental
After Fig. 4 (a) . Furthermore, with increasing temperature, the difference of charge loss rate also increases (Fig. 4 (b) ). It is believed that additional annealing reduces thermal release of trapped charges due to removal of hopping sites in Al 2 O 3 layer. The dependence of gate bias (-3V<V g <3V) on the retention characteristics is shown in Fig. 5 . The deviations of charge loss rate at the positive gate bias region are much larger than that at negative gate bias region. This indicates charge loss through the blocking oxide, rather than the tunneling oxide. The HPOA effectively suppresses charge loss through Al 2 O 3. Fig. 6 (a) and (b) ) [8] . This could be due to the oxygen dissociation in Al 2 O 3 during the RTA process. Fig. 6 (c) shows the recovery of Al 2p peak by re-oxidation after HPOA. Based on the XPS and TEM analysis, we propose the densification model as shown in Fig. 7 . The poor retention characteristics of Al 2 O 3 can be explained by the oxygen deficiency and intrinsic defects.
For further analysis, we evaluated electrical properties of 15nm-thick Al 2 O 3 MIS capacitors on n-type substrate ( Fig. 8 (a) ). The leakage current density of HPOA sample is significantly reduced due to the removal of defects. 
Summary
The effect of HPOA on MANOS-type flash memory devices was investigated. HPOA process can effectively recover the stoichiometry and reduce oxygen vacancy of Al 2 O 3 , which in turn improve the reliability and retention characteristics of MANOS-type memory devices. HPOA shows promise for future nonvolatile memory applications. (a)
